P
ARANEOPLASTIC NEUROlogic disorders (PNDs) are a rare group of disorders that are believed to develop when tumor cells express proteins normally restricted to neurons (onconeural proteins). Because neurons are immunologically privileged, aberrant onconeural protein expression in the periphery by the tumor can induce antitumor immune responses and these in turn can trigger autoimmune neurologic disease in the brain. The prognosis in PND is poor. Patients with the Hu syndrome survive 6 to 16 months after diagnosis. [1] [2] [3] [4] Although survival of patients with paraneoplastic cerebellar degeneration (PCD) associated with breast cancer is longer, reports of median survival of patients with PCD associated with gynecologic cancer is also poor, ranging from 5 to 22 months. [3] [4] [5] Paraneoplastic neurologic disorders were originally defined as autoimmune by the detection of autoantibodies in patients' serum and cerebrospinal fluid (CSF), and most treatment strategies to date have targeted the humoral immune response. One trial using intravenous immunoglobulin, methylprednisolone, and cyclophosphamide demonstrated a decrease in antibody titer but no clinical or survival benefit. 3 Rituximab treatment was associated with neurologic improvement in one small study, with no correlation seen between clinical response and change in autoantibody titer. 6 In another trial of plasma exchange plus either cyclophosphomide or conventional chemotherapy, 6 of 20 patients had an improvement in Rankin score, although 3 patients worsened clinically despite decreased serum antibody titer. 7 The lack of correlation between change in antibody titer and clinical response, 8 brain autopsy studies showing prominent CD8 T-cell infiltrates, 9 and the demonstration of antigen-specific cytotoxic T cells in the blood and CSF of patients with PND [10] [11] [12] indicate a role for T cells in the pathophysiology of some PNDs, 9 specifically those in which the target antigen is intracellular. 13 Tacrolimus (FK506) is a potent inhibitor of T cells, widely used for the prevention and treatment of transplant rejection. We hypothesized that tacrolimus may be useful in PND because it effectively crosses the blood brain barrier and T cells likely play a critical role in disease pathogenesis. However, when used long term, tacrolimus is associated with a 3-to 5-fold increased incidence of malignancy.
14 Because of concerns about tumor outgrowth with prolonged immunosuppression in patients harboring antitumor immune responses, we developed a protocol involving a short-term treatment strategy, aimed at treating acute neurologic worsening in PND. The goal of combination treatment with high-dose steroid and tacrolimus was to induce cell death of activated autoimmune T cells in the CSF. Glucocorticoids have been shown to induce apoptosis in mature human T cells, 15 and FK506 has been shown to potentiate this effect [16] [17] [18] and have good CSF penetration owing to its lipid solubility. 19 We report here our experience using tacrolimus and prednisone as a treatment for patients with PND with immune responses to the intracellular antigens Hu, Yo, and CRMP5. In patients with CSF pleocytosis, this treatment reduced CSF white blood cell (WBC) counts, although 2 such patients developed recurrent pleocytosis requiring retreatment. These observations, together with our clinical results, suggest that this treatment strategy warrants further exploration in patients in which intracellular antigens are targeted, perhaps in combination with other agents that inhibit WBC entry into the CSF.
METHODS

PATIENTS
This was a retrospective case series conducted at The Rockefeller University Hospital, a research hospital in New York. Patients were referred from Memorial Sloan-Kettering Cancer Center or self-referred. Inclusion criteria included the presence of high titer antibodies (Ն1:1000) to PND antigens and neurologic symptoms consistent with PND. Patients were treated if they were acutely flaring with worsening neurologic signs or symptoms (within 6 months) and were retreated if they subsequently worsened. Exclusion criteria included a creatinine level of 2 mg/dL or greater (to convert to micromoles per liter, multiply by 88.4); a WBC count of 3800 /µL or less (to convert to ϫ10 9 per liter, multiply by 0.001); a platelet level of 120ϫ10 3 /µL or less (to convert toϫ10 9 per liter, multiply by 1.0); a hemoglobin level of 8.5 g/dL or less (to convert to grams per liter, multiply by 10.0); known central nervous system metastasis; known active additional malignancy other than nonmelanoma skin cancer; known active infection with hepatitis B or C, human immunodeficiency virus, or syphilis; New York Heart Association classification 3 or 4 status; pulmonary disease that limits daily activities; or intravenous drug use.
Treatment consisted of tacrolimus, 0.15-0.30 mg/kg per day, in 2 divided oral doses in conjunction with 60 mg per day of oral prednisone tapered off during 1 to 4 weeks. Patients were usually treated as inpatients at The Rockefeller University Hospital for the first 10 days of treatment and followed up as outpatients. Treatment was given for no more than 4 weeks, given the theoretical concern that prolonged suppression of the PND T-cell response could lead to tumor outgrowth. 20 This protocol was approved by The Rockefeller University institutional review board. Written informed consent was obtained from all patients. This study is registered on www .clinicaltrials.gov as NCT00378326.
DATA COLLECTION
Neurologic history and physical examination were documented before treatment and on the last day of inpatient care. Because of variability in duration of hospitalization, examinations were not completed at uniform points (range, 5-24 days; median, 14 days from initiation of therapy). Patients were monitored for adverse events (AEs) and events were graded using the Common Toxicity Criteria of the National Cancer Institute. Survival was assessed by follow-up phone calls, e-mails and queries to the Social Security Administration's Death Master File through 2010. Patients also underwent pre-and posttreatment lumbar puncture for CSF analysis and leukapheresis for immunologic assessments.
STATISTICAL ANALYSIS
The Wilcoxon signed rank test was used to determine whether there was a difference between pre-and posttreatment CSF WBC counts in patients with pretreatment pleocytosis. PϽ.05 was considered statistically significant. The Kaplan-Meier curve was used to describe survival, with 95% confidence intervals. The Mann-Whitney U test was used to assess whether there was a relationship between the extent of disease or response to tumor treatment and median survival time. Ninety-five percent confidence intervals were calculated using the binomial exact method to determine whether the AEs that occurred in this study were within range of reported values for tacrolimus toxicity.
RESULTS
PATIENT CHARACTERISTICS
Between January 14, 1998, and May 20, 2008, 26 patients with PND with worsening neurologic symptoms were enrolled (eFigure, http://www.archneurol.com) ( Table 1) . There were 5 patients who initially experienced subjective improvement, then subsequently worsened after discharge and returned for retreatment. The treatment intervals in the 5 retreated patients ranged from 2 to 12 months, with an average of 7 months. All except 3 patients were treated with chemotherapy for their cancers. Five of 26 patients (19%) had a personal medical history of another autoimmune disorder as compared with 3% in the general American population, 21 a difference that is statistically significant (exact binomial test; 95% CI, 0.07-0.39; P Ͻ.001).
The median time from the most recent flair of neurologic symptoms to time of treatment with tacrolimus was ARCH NEUROL / VOL 69 (NO. 9), SEP 2012 WWW.ARCHNEUROL.COM 1133 1.5 months (range, Ͻ1 to 11 months). Patients were treated with an initial tacrolimus dose of 0.15-0.32 mg/kg per day given for 2 to 32 days (median, 10 days). The median trough level measured after the fifth dose was 15.1 ng/mL (range, 5.3 to Ͼ60 ng/mL; target range, 5-20 ng/mL).
This case series was uncontrolled and not designed to quantify neurologic outcomes. While most neurologic symptom changes were minor, there were some anecdotal incidences of significant improvement (Table 1 ). For example, 2 patients (1 with PCD and 1 with Hu syndrome) who had garbled speech became able to communicate after treatment. One patient required full assistance with meals but was able to feed herself after treatment. Another patient who was wheel- chair bound and unable to bear her own weight before treatment became able to walk 30 to 50 steps with a walker, mobility she did not previously have. These outcomes were functionally meaningful with significant effects on quality of life.
CSF PLEOCYTOSIS
In 19 of 34 treatment events (56%), both pre-and posttreatment CSF samples were available for analysis. The median WBC count was low and did not change after 3 for both pre-and posttreatment). In a subgroup analysis of 8 patients with pretreatment CSF pleocytosis (7 of which were sampled within 3 months of onset of symptoms), the median WBC count decreased from 9.5 to 5.5 cells/mm 3 posttreatment and this difference was statistically significant (P = .03).
Although PND has been described as a relentlessly progressive disease, in our experience, some patients have a relapsing course. Five of 26 patients who initially improved clinically, subsequently developed recurrent flares of neurologic worsening and returned for retreatment. Repeated CSF studies were available for 2 of these patients. In both, CSF pleocytosis normalized after treatment (Figure 1) . Clinical flares 1 and 10 months later, respectively, correlated with recurrent CSF pleocytosis. In 1 of the patients where repeat CSF studies were possible ( Figure 1A ), after treatment of this flair, CSF WBC values again returned to normal, and this was associated with another favorable clinical response. Thus, CSF WBCs can correlate with recurrent symptomatic neurologic flares in patients with PND, and decreases in CSF pleocytosis can be associated with neurologic improvement following tacrolimus treatment and retreatment. 
SURVIVAL
One concern in immunosuppressing patients with PND with cancer is that their cancer, which may have been held partially in check by their immune system, might progress and cancer-related mortality would increase. The median survival from time of PND diagnosis for all patients was 52 months (Figure 2A) . The median survival from initiation of treatment with tacrolimus was 48 months ( Figure 2B ). At the time of this writing, 8 patients were still alive, 3 were lost to follow-up, and 15 had died. Of the 26 patients enrolled in the study, the largest subgroup was 13 patients with Yo antibodies and ovarian cancer, all of whom received tumor treatment. The median survival from time of diagnosis in this subgroup was 38 months. Because tumor type has been demonstrated to be an independent predictor of survival in PCD, 5 it stands to reason that the extent of disease and response to tumor treatment influence survival time. There was a trend toward shorter median survival times in patients with metastatic vs regional disease (27 and 44 months, respectively), but this difference was not statistically significant (P = .38). Similarly, there was a trend toward longer survival times in those with complete response to tumor treatment vs those with incomplete responses (49 and 27 months, respectively), but this difference was not statistically significant (P = .29).
ADVERSE EVENTS
Twenty-three of 26 patients (88%) experienced at least 1 AE. Three of them were serious AEs resulting in hospitalization. One serious AE occurred in a Yo antibodypositive patient with PCD and ovarian cancer. She had been previously treated with numerous chemotherapy regimens, most recently within 2 months of tacrolimus treatment. After 6 days of treatment, her serum tacrolimus level was supratherapeutic (Ͼ60 ng/mL). She experienced worsening dysarthria, weakness, ataxia, and tremor. This did not abate even when levels normalized and she was transferred to an acute care hospital, where she continued treatment with tacrolimus for a total of 14 days with the addition of intravenous immunoglobulin. However, her neurologic status continued to deteriorate and she died 3 months later. The second patient harbored a CRMP5 antibody and was encephalopathic at study entry. After only 5 days of tacrolimus treatment, her mental status further deteriorated and she began to refuse all food and medications. Tacrolimus treatment was discontinued and she was transferred to an acute care hospital to conduct a search for a primary tumor. At this hospital, she continued to have progressive encephalopathy and cerebellar degeneration. She died 33 days after discontinuation of tacrolimus treatment. At autopsy, she was found to have bacterial pneumonia as well as metastases of small cell carcinoma of probable lung origin in her brain, liver, adrenal glands, and thoracic lymph nodes. She was never treated with chemotherapy.
The third patient had Hu syndrome and small cell lung cancer. At study entry, she had a resolving productive cough and had just completed a course of levofloxacin. On the second day of treatment, she developed shortness of breath without a fever and was diagnosed as having pneumonia. This patient was not concurrently treated with chemotherapy. Tacrolimus treatment was discontinued and she was transferred to an acute care hospital. She responded to intravenous antibiotics and was discharged home 5 days later.
The incidence of all other AEs ( Table 2) , except low serum total protein and albumin levels and fatigue, was consistent with previous reports of toxicity in trials using oral tacrolimus for hepatic and renal transplants. [22] [23] [24] Of the patients with Yo antibodies who had pre-and posttreatment CA125 levels available for analysis, the median pre-and posttreatment levels were 18 and 13 units/ mL, respectively, both between normal limits (reference range, 0-35 units/mL). COMMENT Owing to the rare incidence of PND (approximately 0.01% of patients with cancer), there are few controlled clinical trials to model evidence-based guidelines for effective treatment. Treatment decisions are often based on expert opinion and case series. The treatment of the underlying cancer is the mainstay of management, a prudent approach to reducing the burden of inciting antigen. 2, 25, 26 Beyond treatment of the tumor, most efforts have aimed at suppression of humoral immune responses. 27 Given the inadequate responses, we have attempted to align treatment strategies with our understanding of disease pathogenesis by undertaking a study targeting central nervous system T cells, treating 26 patients with PND who had autoimmunity to intracellular antigens with tacrolimus and prednisone.
In this retrospective case series, some subjective neurologic improvement was noted. We also found a statistically significant decrease in CSF WBCs in those patients with pretreatment pleocytosis, suggesting an acute treatment effect. Without a control arm, we cannot rule out the possibility that this represents the natural history of the disease, as one report notes that CSF T-cell counts decline over time, 28 although in our experience this is typically a more protracted process without tacrolimus treatment. Moreover, 2 of 8 patients developed rebound plecytosis between 1 and 10 months later, and in 1 case, we were able to again document an acute response to tacrolimus. These observations suggest that tacrolimus, a lipid soluble drug with good CSF penetration, may consistently and effectively reduce autoimmune CSF T cells. More generally, the lack of complete clinical response may relate to ongoing peripheral autoimmunity (eg, continuing immune response to residual PND antigen-expressing cancer cells), suggesting that combining tacrolimus with an agent that blocks entry of T cells into the CSF may be worth clinical consideration.
We assessed survival as a measure of long-term clinical response to tacrolimus. Statistically significant predictors of survival in PND include antibody type, 4 tumor type, 5 rate of tumor treatment, 4,25 age older than 60 years, 5, 25 and poor baseline functional status. 25 The cohort in this study was enriched with patients with those established risk factors for shorter survival. Seventeen of 19 patients with Yo antibodies (89%) in our cohort had a gynecologic cancer, a population that has significantly shorter survival times than patients with breast cancer. 5 Moreover, the baseline performance status of our cohort of patients was very poor. Twenty-three of 26 patients could not walk without assistance or perform activities of daily living at enrollment. Finally, age older than 60 years has been shown to have a statistically significant effect on survival, 5 and the median age of patients in our study was 60 years. Despite these poor risk factors, the survival in our cohort was higher than expected from the literature, suggesting the possibility that our acute intervention, directed at reducing CSF T cell-mediated autoimmunity, may have conferred a longterm survival advantage.
For example, the largest subgroup in our cohort, 13 patients with Yo antibodies and ovarian cancer (all whom received tumor treatment, with a median age of 59 years), had a median survival from time of diagnosis of 38 months. Rojas et al 5 reported a median survival time of 22 months in a similar subgroup with the same antibody type, tumor type, and rate of tumor treatment: 13 patients with ovarian cancer with Yo antibodies, all of whom were also given tumor treatment (with no reported mean age). Though these are well-matched groups, we recognize that our study did not include a control group. In addition, other factors may confound the longer survival time in this case series. For example, extent of disease and response to tumor treatment have not been shown to be independent predictors of survival, but approximately half of PND-related deaths are attributable to the underlying cancer. 5, 29 In our subgroup of patients with ovarian cancer, we did see a trend toward association between extent of disease or response to tumor treatment and survival, but these were not statistically significant; this may be owing to a small sample size. Another confounder of survival times in this study could be recruitment bias; half of the patients were self-referred, biasing this cohort toward families actively seeking aggressive treatment and research studies.
Tacrolimus was approved by the Food and Drug Administration in 1994; the long history of use of this widely prescribed drug means that its AE profile is well documented. The AEs experienced in this cohort were consistent with those in tacrolimus trials that led to its original approval. In conclusion, a brief trial of tacrolimus in combination with prednisone for PND offers little clinical downside, may confer an acute improvement in neurologic symptoms, and indeed may be associated with longer survival in patients with Yo antibodies and ovarian cancer. Future efforts might include combining tacrolimus with agents that target other components of cellular immunity such as B-cell depletion with rituximab or with inhibitors of lymphocyte trafficking such as natalizumab.
